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This invention relates to the distillation 
of hydrocarbons and pertains more particu 
larly to a process for carrying out such dis 
tillation. ‘ 

It is anobject of this invention to provide 
a process for the distillation of hydrocarbons 
in which decomposition shall be eliminated 
or reduced to a minimum, in order that the 
formation of objectionable constituents in 
the distillates caused by decomposition may 
be prevented so far as possible, thus making 
possible the production of heavy, high vis 
cosity lubricants by direct overhead distilla 
tion in addition to the usual products ob 
tained. 

Other objects and advantages of the in 
vention will appear hereinafter. 
The process of this invention is applicable 

to and useful in the treatment of any of the 7 
‘various crude petroleums in their natural‘ 
‘state to distill them into their component 
fractions, and is further useful in the fur 
ther distillation of oils such as topped oils 
which have been subjected previously to a 
distillation process. The process is also use 
"ful in the further treatment of distillates 
from shale, coal and similar substances, hav— 
ing the characteristics of petroleums. 

. The process of this invention comprises 
essentially the subjecting of a continuously 
moving body of oil having a free surface to 
heat, and permitting the vapors evolved 
from said moving body of oil to escape con 
tinuously from the surface thereof im 
‘mediately that their vaporizing temperature 
is reached, in order that superheating which 
causes decomposition may be reduced to a 
‘minimum. The moving body of oil is pref 
erably moved or allowed to move progres 
sively through heated areas so‘ arranged that 
the oil as it progresses is subjected to a con 
tinuously increasing degree of heat. The oil 
may conveniently be allowed to move in the 
form of a continuous ?owing stream moved 
by force of gravity, although various me 
chanical means may be. employed if necessary 
to assist the ?ow. The vapors are preferably 
drawn off at intervals along the course of 
the v?owing stream of oil as they are formed, 
and are preferably drawn off with su?ijcient 

rapidity to prevent the absorption of heat 
by the vapors themselves, thus causing de 
composition to take place after vaporiza 
tion. As the va 'ors are drawn off at inter 
mediate points t roughout the course of flow 
of the stream, they are preferably separated 
from mechanically entrained portions of the 
liquid being treated, the vapors being passed 
on to be condensed and collected, and the 
separated liquid portions passing back into 
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the stream for further heating as the stream - 
progresses. 
The process of this invention is particu 

larly well adapted for operation under a 
vacuum in order that the amount of heat re 
quired tovaporize the hydrocarbons may be 
reduced and the amount of decomposition 
‘taking place may \thus be further reduced. 
The degree of vacuum used varies Widely 
depending on the character of the material 
being treated and on various operating con 
ditions which may be encountered in carry 
ing out the process. In general, it is pro 
posed to maintain what may be called a high 
vacuum throughout the system, such term 
being generally applied to absolute pressures 
of ‘less than 25 mm. of mercury. It is en 
tirely possible, however, and in some cases 
desirable to operate at a lower vacuum either 
throughout the system or in a portion there 
.of, as for instance at absolute pressures of 
from 25 mm. to 100 mm. of mercury. . 

It is proposed, as set forth above, to draw 
off the evolved vapors from the system at 
intermittent points throughout the course of 
flow of the stream of oil,’ It will be appar 
ent, therefore, that the vapors taken off at 
one point will possess different characteris 
tics and properties from those taken off at 
other ‘points ‘which have been subjected to 
different heat conditions, and it is in this 
manner that the‘oil treated is separated into 
its component fractions. It will also be ap 
parent that by adjusting heat conditions be 
tween the points at which the vapors are 
drawn off in the proper manner, fractions o-r 
cuts may be taken of! having various de 
sired properties. It is proposed, moreover, 
to remove the vapors at intervals su?icient 
1y frequent that the temperature range be 
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tween said points will have little tendency 
to produce decomposition within the zone 
therebetween. ' 

The process may be further described 
with reference to the accompanying draw 
ing in which Figure 1 is a semi-diagram 
matic side view of an apparatus for carry 
ing out the invention, and 

Figure 2 is a detail side elevation of one of 
the receiver tanks. 
The hydrocarbons to be treated may be 

contained in suitable tanks or reservoirs 
from which they are allowed to ?ow through 
the pipe 1 to the still 2 where they are ini 
tially subjected to heat. The rate of flow 
of the oil from the supply tanks is controlled 
by the valve 8 in the pipe 1, and the oil is 
preferably allowed to ?ow at such rate that 
a stream ?ows along the bottom of the elon 
gated passage 4 without completely ?lling 
the passage in order that the vapors which 
are evolved by the application of heat may 
be free to escape at all points on the sur 
face of the stream. The oil flows through 
the passage due to‘ the force of gravity, the 
inclination of the pipe being such as to 
cause the oil to ?ow freely therein. The 
passage 4 may consist of various types of 
elongated passage, it being only necessary 
to provide adequate surface for the trans 
mission of the'required degree of heat and 
su?icient internal cross-sectional area that 
the required rate of ?ow may be main 
tained without completely ?lling the pas 
sage. In the illustrative embodiment shown, 
the passage 4: comprises a coil surrounding 
a ba?le 5 and enclosed in a shell 6 the in 
terior of which is heated by a suitable 
burner 7. The still may, of course, be cov 
ered with suitable heat insulating material 
8 for economy of heat. ' 
The lower end of the passage 4 leads 

from the still to a separating tower 10 in 
which the vapors which have been evolved 
by the application of heat are allowed to 
separate from the liquid and from which 
they are drawn o? to suitable condensers. 
That portion of the liquid stream which re 
mains in a liquid state after the application 
of heat in the still 2 drops directly to the 
bottom of the separating tower 10 and into 
the passage 11. The vapors pass upwardly 
through the tower and in the course of their 
upward movement a gravity separation 
takes place which frees the vapors from 
any mechanically entrained portions of the 
liquid which may have been carried along 
therewith, such liquid portions falling to the 
bottom of the tower 10 and into passage 11. 
The separating tower ~10'is carefully insu 
lated by suitable heat insulating material 
12 to keep the temperature of the vapors in 
the tower at approximately the same tem 
perature at which they enter the tower in 
order condensation and. re?uxing may 

not occur. Thermocouples 13 and 13' are 
inserted at the entrance and exit to the 
tower respectively in order that the temper 
atures of the vapors at these two points may 
be accurately observed. ' 
The vapors passing upwardly are drawn 

from the tower through the passage 9 into 
the jacketed condenser 14 in which they are 
condensed and allowed to ?ow as liquids to 
the distillate receiver tanks. 
The condenser may be of any suitable or 

conventional form, the type described here 
in comprising a fractionating condenser 
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consisting of three separate sections, each a 
section comprising a jacketed tube, the 
jacket of which is provided with inlet and 
outlet openings 15 and 15’ respectively 
through which water or steam may be ad— 
mitted to the jacket. Each of the sections 
is preferably maintained at a substantially 
lower temperature than the preceding sec 
tion as the gases pass through on their way 
from the separating tower in order that die 
tillates of di?erent characteristics may be 
condensed in each section. 
Each of the condenser sections is pro 

vided with a pair of distillate receiver 
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tanks 16 and 16' which comprise cylindri- ' 
cal tanks of suitable capacity connected to 
the condenser through the passages 17 . The 
lower side of each of the tanks is provided 
with a passage 18 through which the distil 
late may be drawn 0E to storage tanks. 
Duplicate distillate receiver tanks are pro 
vided in order that when one is ?lled it may 
be cut out of the system and the distillate 
allowed to flow into the other tank. The 
?lled tank may then be emptied by the 
pump 20 which draws oil‘ the oil to storage 
tanks. Suitable valves 21, 21’, 22 and 22’ 
are provided through which the flow of oil 
to and from the tanks may be controlled. - 
The passage through the condenser 14 

extends beyond the third section of the con-, 
denser and is connected 'to a vacuum pump 
23 of any suitable construction. Any type 
of pump of sufficient capacity to maintain 
a high degree of vacuum may be used in the 
system, although ejector type pumps have 
been found to be particularly well adapted 
to the type of system described and may 
be advantageously used therein. 
The distillate receivers are also provided 

with passages 24 through which they may be 
connected to a vacuum line, not shown, also 
connected to the vacuum pump 23. The 
tank 16 is also provided with a passage 25 
controlled by valve 25' through which air 
may be admitted to the tank after it has been 
cut out of the system in order that the d1s~ 
tillate may be removed expeditiously. A 
branch passage 26 is also provided, con 
ne'cted to the passage 24., through which the 

may be connected to an auxiliary 
source of exhaust or vacuum in order that 
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the air may be exhausted therefrom before 
.it is cut into the system, the result being that 
appreciable changes in pressure are avoided 
when an empty tank is cut into the system. 
The passage 11 containing the unvapor 

ized residue from the still 2 leads to the still 
30 which in construction and operation is 
an exact duplicate of the still 2 except for 
the fact that the passage 31 is of less ex 
tent than the pasago 4 and. consequently a 
lesser surface is exposed to the‘ heat from 
the burner 32. It may be noted that due to 
the drawing olf of the vapors froni'the still 
2 the amount of liquid passing to the still' 
30 is less than that passing to the still 2. 
Consequently, it is desirable in order that 
the oils be not too greatly heated that a less 
amount of heat be absorbed in the still 30. 
Heat control may also be accomplished, of 
course, by suitable regulation of the burners 
7 and 32, but it has been found desirable to 
vary the'area exposed to heat as well. 
The lower end of the passage 31 passes 

into a separating tower 33 which is similar 
4 in construction and operation to the sepa 

rating tower 10 previously described. The 
vapors passing into the tower pass upwardly 
and are separated from mechanically en 
trained portions of the liquid as in the 
tower 10 and pass from the tower to the 
condenser 34 through the passage 35. The 
condenser 34 consists of three sections 
similar to those of the condenser 14 previ 
ously described, and is provided with three 

; pairs of distillate receivers 36, 36’. 
The passage 11 between the stills 2 and 

30 is provided with a by-pass 40, the upper 
end of which leads back into the separating 
tower 10. It has been found that there is 
a tendency for some of the vapors in the still‘ 
30 to travel backwardly counter to the ?ow 
of oil in the passage 31 to the condenser 14. 
This by-pass 40 has been provided, there 
fore, to premit a free passage of the vapors 
without interference with the down-coming 
stream of oil in the passage 11. The direc 
tion which the vapors take in passing from 
the stills to the condenser is determined by 
the relative pressure conditions which exist 
at any given time in the system. The vapors, 
of course, will ?ow in the direction of least 
resistance. . 

The unvaporized residue from the lower 
end of the passage 31 ?ows downwardly 
through the bottom of the tower 33 into the 
passage 41 through which it passes to the 
still 42 which in construction and opera 
tion is an exact duplicate of the stills 2 and 
30 except for the fact that the passage 43 
is of less extent than either the passage 4 
or passage 31. A lesser surface is thus ex 
posed to heat from the burner 44 because 
again, as in the case of the passage 31, a 
less amount of oil is conducted into the 
passage. - 
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_ The lower end of the passage 41 passes 
into a separating tower 45 which is similar 
in construction and caution to the sepa 
rating towers 10 anil 33 previously de 
scribed. The vapors passing into the tower 
pass upwardly-and are separated from me 
chanically entrained portions of the liquid, 
as in the tower 10,.and pass from the tower 
to the condenser 46 through the passages 47 
and 48 controlled by valves 47’ and 48' 
respectively. The quantity of vapor in the 
tower determines which of the passages 
shall be used. If the quantity- is small, the 
passage 47 is opened, while it the quantity 
is large, the upper passage 48 is used. In 
the last separating tower of a system as 
described the quantity of vapors is fre 
quently small, and the use of the lower pas 
sage 47. in such_cases insures the passage 
of vapor to the condenser ‘rather than con 
densation and re?uxing within the tower. 
The condenser 46 consists of a plurality of 
sections similar to those of the condensers 
14 and 34 previously described, although 
two sections have been here deemed su?ici 
eat, each section being provided with a pair 
of distillate receivers 49, .49’. _ 
The passage 41 between the .stills 30 and 

42 is also provided with a by-pass 50, the 
upper end of which leads back into the 
separating tower 33, and the operation of 
which is similar to that described for the 
by-pass 40. , ' ‘ 

The residue from the lower end of the 
passage 43 flows downwardly through the 
bottom of the tower 45 into the passage 51 
through which it passes to residue receivers 
52 and 52’. ,Bypasses 53, 53’ and 53" are 
also provided. through which vapors and 
gases from the residue tanks may pass back 
to the separating'tower 45 and thus-to the 
condenser 46. . . . 1 

Even though the utmost precautions are 
taken it sometimes happens that a ‘small 
amount of decomposition or cracking will 
take place within the system described and 
a- certain amount of light- vapors are formed 
thereby in stills 30 and 42 which if allowed 
to condense in the condenser 34 or the con 
denser 46 would dilute the distillate con 
dcnsed in these condensers and would also 
~impart to the distillate an objectionable 
cracked odor, Occasionally, also, small 
amounts of low boiling point liquids fail to 
vaporize 'in- the still 2 and are carried on 
mechanically to the other stills where they 
are vaporized. For this reason all of the 
sections of the condensers 34 and 46 are 
maintained at a temperature sufficiently 
high to prevent such light vapors from con 
densing therein’, and by~passes 55 and 55’ are 
provided through which such vapors may be 
carried back to condenser 14 where they may 
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be condensed with other light vapors which ' 
were there taken 01f. 
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The apparatus as described is illustrative 
of a complete system in which it is-desired 
to use only three still units. It will be 
readily recognized, however, by those skilled 
in the art that additional units may be in 
serted between those here shown and de 
scribed, all the parts of which would be‘ 
exact du licates _of the units herein de 
scribed. he umts may be arranged ~one 
above another as shown in the illustrative 
embodiment herein as in a cascade-in order 
that the ?ow of oil may be by gravity 
throughout the system, or suitable pumps 
may be installed to pump the liquid from the 
bottom of one still to the top of the next. 

It will be observed that the system de 
scribed provides a continuous passage for 

' the ?ow of oil and vapors from the point at 
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which the oil enters the system to the residue 
receivers, the, vapors being drawn off at in 
termittent points along the passage-through 
the system. It will also be observed that the 
vapors are evolved continuously throughout 
the entire length of the system‘ from all 
points on the surface of the oil and that im 
mediately the oil reaches a temperature at 
which it vaporizes, the vapors are released 
and drawn off leaving only the liquid which 
requires the additional application of heat 
for vaporization. 
The products of distillation taken off at 

the various receivers vary, of course, in 
their properties depending on' the quality of 
the material being treated and the conditions 
of operation at any given time. The pro— 
cess and a paratus as described are suitable, 
however, or operation on various types of 
crude 011s or for the further re?ning of 
oils which have already been subjected to a 
previous distillation, and by determining 
the proper heat conditions Within the stills 

. and within the condensers, the‘ apparatus 
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may be set to produce products of any de 
sired properties. For instance, in treating 
California crude, gasoline, kerosene and gas 
oil fractions might be vaporized in the ?rst 
two stills and fractionally condensed and 
separated in the sections of the ?rst con 
denser. Additional gas oil and light lubri 
cants might be vaporized in the second and 
third stills and fractionally condensed and 
separated in the sections of the second con 
denser.‘ Heavy lubricants might be vapor 
ized in the third-still and separated into 
grades in the sections of the third con~ 
denser. . ‘_ 

Similarly, in treating crudes having a low 
percentage of‘ light volatiles, such as Goose 
Qreek crude, the temperatures of the units 
may be readjusted to separate gas oil and 
whatever light volatilesare present in the 
?rst still, various grades of light lubricants 
may be separated in the second still, and ' 
heavy lubricants may be separated in the 
third still. '~ 
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In the claims the use‘ of the term high 
vacuum is not intended to set a particular 
limit of vacuum or to de?ne the high vacuum 
v?eld with absolute mathematical accuracy; 
for, since it is obvious that various crudes, 
or other stock, will yield distillates, under 
‘applicant’s process, without decomposition 
under di?ferent degrees of vacuum, I do not 
wish to con?ne the invention, in its broad 
aspect, to any mathematical limit. What 
I do mean therefore by the term high vacu 
um when used hereinafter in the claims, 
is a vacuum of su?icient degree, having re 
gard to the particular- stock being treated,_ 

.80 that will produce a distillate in‘accordance 
with applicant’s process Without substantial 
decomposition, _ 

4 It is to be understood that the invention 
is not limited to the embodiment herein 
shown for purposes of illustration but that 
on the contrary it may-be variously modified 
and embodied within the scope of the sub 
joined claims. 

I claim as my invention: 
1. A process for the continuous distillation 

of hydrocarbons without substantial decom 
position which comprises subjecting a con~ 
tinuously moving stream thereof having a 
free surface to a progressively increasing 
degree of heat, allowing the resulting vapors 
to escape from said surface continuously’ as 
formed, drawing off said vapors at intervals 
along the course of the stream while permit 
ting said vapors to ?ow freely both in the 
direction of and counter .to the direction of 
the ?ow of the stream and condensin said 
vapors, said operations ‘being ‘ carrier out 
under a vacuum.) ' 

2. A process for the continuous distillation 
‘of hydrocarbons without substantialdecom 
position which‘ comprises conducting hydro— 
carbon liquid in a closed system from one 
h'eated area to another While maintaining 
freegaseous communication between allof 
said areas to permit free ?ow of vapor in 
either direction for pressure equalization and 
drawing off. and condensing the vapors 
evolved, said operations being carried out 
under a vacuum. ' 

3. Av process for the continuous distilla 
tion of hydrocarbons without substantial de 
composition which comprises'conducting hy 

- drocarbon' liquid in a closed system from one 
heated area. to another while maintaining 
free gaseous communication between all of 
said areas to permit free ?ow of vapor in 
either direction for pressure equalization, 
progressively increasing the degree of heat 
to vwhich said liquid is subjected as‘ they pass 
from one heated area to another, drawing off 
said vapors at_intervals‘throughout said sys 
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tem and condensing said vapors, said opera- , 
tions being_carried out under a :vacuum. 

4. continuous process for the production 
of mineral oil dlstillates which ‘comprises 
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subjecting the material to be treated to a 
progressively increasing degree of heat while 
'?owing in a relatively small stream in a rela 
tively large conduit, removing the evolved 
“Vapors at intervals along said stream while 
maintaining free vapor communication along 
and throughout said conduit to permit free 
?ow of vapor in either direction and main 
taining said entire conduit under vacuum, 
the degree of vacuum maintained through 
out the systembeing equalized by said free 
?ow of vapor. 

5. A continuous process for the ‘distilla 
tion of mineral oils under vacuum which 
comprises passing the material to be treated 
through a plurality of successive zones main 
tained at progresslvely increasing degrees of 
heat in a relatively small stream in a rela 
tively large~ closed passage, removing the 
evolved vapors from said closed passage be 
tween said zones, while maintaining free 
vapor communication within said closed pas 
sage through all of said heating zones to al 
low vapor to ?ow freely in either direction 
for removal, and maintaining said closed 
passage under a vacuum which is ‘substan 
tially constant throughout its entire extent. 

6. A continuous process for the distillation 
of mineral oils under vacuum which com 
prises passing material to be treated through 
a plurality of successive zones maintained‘ at 
progressively increasing degrees of heat in 
a relatively small stream in a relatively 
large closed passage, separating the vapors 
from liquid between said zones without al 
lowing material condensation or re?uxing 
during said separation, and maintaining free 
vapor communication throughout said closed 
passage to allow vapor to ?ow in either di 
rection for removal, and maintaining all of 
said zones under substantially the same vac 
uum. 

7. A continuous process for the distilla 
tion of mineral oils under vacuum which 
comprises passing material to be treated 
through a plurality of successive zones main 
tained at progresslvely increasing degrees of 
heat in a rcleiively small stream in a rela— 
tively large closed‘passage, separating the 
vapors from liquid between said zones with 
out allowing material condensation or re 
?uxing during said separation and maintain 
ing free vapor communication throughout 
said closed passages to allow vapor to ?ow 
in either direction for removal, maintaining 
all of said zones under substantially the same 
vacuum, - and separately condensing said 
vapors removed between said zones under the 
same vacuum maintained in said zones. 

8. Method of distilling mineral oils for the 
production of distillates substantially free 
either of products of decomposition or of 
unvaporized liquid, which comprises subject 
ing the material to heat while ?owing in a 
,thin stream having a free surface maintained 

5 

under vacuum, passing the evolved vapors 
directly from the still through an enlarged 
unobstructed zone also under Vacuum while - 
maintained at substantially the temperature 
at which they leave the still, whereby un 
vaporized liquid portions are separated from 
the vapor without material condensation or 
re?uxing, and condensing said vapors also 
under vacuum, the degree of vacuum main 
tained in the still, separator and condenser 

‘ being substantially uniform. 
9. Method of distilling mineral oils for the 

production of distillates substantially free 
either of products of decomposition or of un 
vaporized liquid, which comprises subjectr 
ing the material to heat whilev ?owing in a 
thin stream having a free surface maintained 
under vacuum, passing the evolved vapors di 
rectly from the still at reduced velocity 
through an enlarged unobstructed zone also 
under vacuum while maintained at substan 
tially the temperature at which they leave 
the still, whereby unvaporized liquid por 
tions are separated from the vapors without 
material condensation or re?uxing, and con 
densing said vapors also under vacuum, the 
degree of vacuum maintained in the still, sep 
arator and condenser being substantially the 
same. 

10. A continuous process for distilling 
mineral oils, for the production of distillates 
substantially free either of products of de 
composition or of unvaporized liquid, which 
comprises subjecting the material to a pro 
gressively increasing degree of heat while 
?owing downwardly in a relatively small 
stream havinga free surface in a relatively 
large closed passage, passing the evolved 
lvaporsl directly from the still passage 
through an enlarged unobstructed zone also 
under vacuum, while maintained at substan 
tially the'temperature at which they leave 
the still passage, whereby unvaporized liquid 
portions are separated from the vapors with 
out material condensation or re?uxing, and 
condensing said vapors, also under vacuum, 
the degree of vacuum maintained in the still 
separator and condenser being substantially 
the same. ‘ 

11. A process for the continuous distilla 
tion of hydrocarbons without substantial de 
composition which comprises subjecting a 
continuously moving stream thereof having 
a free surface to a progressively increasing 
degree of heat, allowing the resulting vapors 
to escape from said surface continuously as 
formed, drawing olf said vapors at intervals 
along the course of the stream while permit 
ting said vapors to ?ow freely both in the di 
rection of‘ and counter to the direction of 
flow of the stream and fractionally condens 
ing said vapors from each of said intervals 
independently, said operations being carried 
out under a vacuum. 

12. A process for the continuous distilla 
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tion of liquid hydorcarbons without substan 
tial decomposition which comprises applying 
heat ‘to said hydrocarbons while they are 
?owing in a thin stream having a free sur 
face, and maintaining said stream under 
high vacuum. 

13. A process for the continuous distilla 
tion of liquid hydrocarbons without substan~ 
tial decomposition which comprises applying 
heat to said hydrocarbons while they are 
?owing in a thin stream having a free sur 
face, and maintaining said stream under an 
absolute pressure less than 25 mm. of mer 
cury: 

14. A‘ process for the continuous distilla 
tion of liquid hydrocarbons without substan 
tial decomposition which comprises applying 
heat to said hydrocarbons while they are 
?owing in a thin stream having a free sur 

' face within a closed conduit, and maintain 
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ing the interior of said conduit under high 
vacuum, 

15. A process for the continuous distilla 
tion of liquid hydrocarbons without substan 
tial decomposition which comprises applying 
heat to said hydrocarbons while they are 
?owing in a thin stream having a free sur-' 
face within a closed conduit, and maintain 
ing the interior of said conduit under an ab 
solute pressure less than 25 mm. mercury. 

16. A process for the continuous distilla 
tion of hydrocarbons without substantial 
decomposition which comprises subjecting 
a continuously moving thin stream there 
of having a free surface to a progressively in 
creasing degree of heat, while maintaining 
said stream under an absolute pressure less 
than 25 mm. of mercury. 

17. A process for the continuous distilla 
tion of hydrocarbons without substantial de 
composition which comprises subjecting a 
continuously moving thin stream thereof 
having a free surface to a progressively in 
creasing degree of heat, while maintaining 
said stream under an absolute pressure less 

I than 25 mm. of mercury and drawing o?' the 
resulting vapors at intervals along said 
stream. 
In testimony whereof, I have signed my 

name to this speci?cation this 3rd day of 
January, 1924. 

JAMES C. RYDER. 
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